I. INTRODUCTION
Acoustics is the study of sound-its generation, transmission, and reception-and includes mechanical compression waves in fluid and solid media. Stemming from the Greek akoustikos, meaning "of or for hearing," acoustics originated in the sixth century BCE with Pythagorus, who related musical consonance of different intervals to whole-number ratios. The understanding that sound is a wave can be traced back to Aristotle, who in the third century BCE proposed that sound was generated from a source that compressed the air around it and traveled as a disturbance. Greek and Roman amphitheaters, as well as buildings constructed, for example, by ancient Latin-American civilizations, showed their understanding that an acoustical environment could be changed and designed to achieve desired effects. From the 17th-century studies of the "fathers of acoustics" Marin Mersenne and Galileo Galilei, experimental and theoretical acoustics moved forward through the work of Newton, Hooke, Bernoulli, Laplace, Boltzmann, Poisson, Lagrange, d'Alembert, Ohm, Koenig, Kirchhoff, Stokes, Helmholtz, and Rayleigh, and others.
The etymology of the word acoustics, first coined by Joseph Sauveur in 1700, suggests a physical science inherently connected to a person's everyday experiences, from the electromagnetic forces that drive a loudspeaker (electroacoustics) to the enjoyment of a Mozart symphony (psychoacoustics). In 1964, Bruce Lindsay, a physics professor at Brown University, devised a circular diagram showing the broad scope and interdisciplinary nature of the field of acoustics. An adaptation of Lindsay's wheel, shown in Fig. 1 , describes different technical areas of acoustics that stem directly from the mechanical vibrations that produce waves and exert an influence on the earth and life sciences, engineering, and the arts. The organization of the Acoustical Society of America (ASA), one of the four founding societies of the American Institute of Physics, reflects this broad scope. Its activities are divided among thirteen technical committees: Acoustical Oceanography, Animal Bioacoustics, Architectural Acoustics, Biomedical Acoustics, Engineering Acoustics, Musical Acoustics, Noise, Physical Acoustics, Psychological and Physiological Acoustics, Signal Processing in Acoustics, Speech Communication, Structural Acoustics and Vibration, and Underwater Acoustics. The ASA also has a committee on Education in Acoustics that promotes education through special sessions at meetings and sponsors a number of outreach initiatives.
Three earlier Resource Letters provide detailed information on specific subdisciplines of acoustics:
Resource Association (PIRA) Demonstration Bibliography, that may be mined for numerous resources on acousticsrelated demonstrations.
4. "Resource letter PhD-2: physics demonstrations," R. E.
Berg, Am J. Phys. 80, 181-191 (2012) .
(E)
The Resource Letter is fundamentally different from the earlier ones. A student in physics typically receives only a few weeks of instruction in acoustics, at most, through various courses. The purpose of this Letter is to offer ideas as to how the instruction of any discipline of physics may be enhanced through the use of acoustics examples, demonstrations, and the like.
The fundamentally interdisciplinary nature of acoustics allows significant interconnections to other fields of physics. As Frederick Hunt, a renowned professor of acoustics at Harvard University, wrote "…[A]coustics is characterized by its reliance on combinations of physical principles drawn from other sources; and that the primary task of modern physical acoustics is to effect a fusion of the principles normally adhering to other sciences into a coherent basis for understanding, measuring, controlling, and using the whole gamut of vibrational phenomena in any material." (Origins in Acoustics: The Science of Sound from Antiquity to the Age of Newton, Yale University Press, 1978, p. 5). Lindsay also noted the value of acoustics in the physics curriculum. We approach this Resource Letter based on our experiences at Brigham Young University (BYU), which has one of the largest undergraduate physics programs in the country and a strong optional program in acoustics at the undergraduate and graduate levels. This Resource Letter contains information for those who are interested in developing an advanced undergraduate or graduate acoustics course within their department, incorporating acoustics-based demonstrations into their undergraduate physics courses, or using acoustics to illustrate wave phenomena in advanced contexts. Also included are resources that could help with outreach activities, because of the ability of sound to connect with, and enrich, the human experience. We provide summaries of research journals, courses in acoustics with emphasis on active learning, textbooks, online resources, and demonstrations as they apply to different acoustical phenomena.
II. JOURNALS AND CONFERENCE PROCEEDINGS
Journal articles and conference proceedings in acoustics serve as a valuable window into current research topics and sources for examples. The ASA maintains a list of acousticsrelated journals and magazines at http://acoustics.org/.
A. Publications by the Acoustical Society of America
Journal of the Acoustical Society of America-JASA covers the different areas of acoustics described previously, Noise-Con and Internoise Proceedings-These U.S.-based (Noise-Con) and international noise-focused conferences are sponsored by the Institute of Noise Control Engineering. See http://inceusa.org.
International Symposium on Nonlinear Acoustics-These triennial conferences attract a variety of papers on the characteristics and applications of high-amplitude sound waves. Some volumes are available as AIP conference proceedings; see http://proceedings.aip.org.
AIAA Aeroacoustics Meetings-These meetings are focused on the generation and propagation of noise by turbulence (e.g., jet noise), by structural interaction with unsteady flow, and the like. 
III. COURSE DESCRIPTIONS
One of the main obstacles to training more students in acoustics is the relatively small number of acoustics courses offered at the undergraduate level.
6. "Acoustics courses at the undergraduate level: How can we attract more students," I. 
IV. TEXTBOOKS
Nearly every introductory physics textbook includes a chapter on acoustics and many monographs are specifically dedicated to its science and applications, including handbooks that provide concise information and entry points to many of its topics. The ASA maintains a list of acousticsrelated books at http://acoustics.org. Below are listed textbooks at different levels. Topical textbooks that could be used as resources in other advanced physics classes are described in Section VI.
A. Introductory textbooks
These textbooks are appropriate from high school through introductory college-level courses. The mathematical rigor varies. Many of these introductory texts have an emphasis on musical acoustics. 
B. Advanced undergraduate textbooks
We take "advanced" to mean that the textbook treats the wave equation and its solutions in a rigorous fashionstudents probably would take a class using these textbooks after, or concurrently with an undergraduate mathematicalmethods course. We list only texts that primarily treat acoustical waves. 
C. Advanced textbooks
The line between some of the advanced undergraduate and graduate textbooks is somewhat blurred, but the textbooks listed below are used in graduate acoustics courses. They may include more rigorous treatments of nonlinear phenomena, diffraction, and scattering, propagation through inhomogeneous media, and the like. 
V. ONLINE COURSE CONTENT
Two websites that contain databases to online resources are:
54. http://www.compadre.org. This repository for the physics-education community has numerous resources for teaching acoustics and wave physics. 55. http://www.merlot.org. This electronic-resource repository is more general, but an "acoust*" keyword search yielded many helpful resources.
The references below are dedicated to course content and resources. The following one is an unique example of using social media to help students engage in the material and incorporate classroom experiences into their everyday acoustical experiences. 
VI. TOPIC-SPECIFIC RESOURCES
Resources to specific sub-topics might serve as examples or analogies in an acoustics or other physics course. We primarily list relatively recent publications that likely use upto-date laboratory equipment and software packages. Our nonexhaustive list below is divided into three principal categories: sources, resonance phenomena, and acoustic propagation.
A. Acoustical sources
Simple sources of sounds, like monopoles and dipoles, build student intuition of radiated power and source directivity. Creation of higher-order sources forms the basis of active noise control and underlies the decomposition of complex sources in terms of equivalent simple sources, as in acoustical holography. Arrays of phased sources produce directional radiation patterns that can be steered electronically and can serve as the basis for effective demonstrations and laboratory exercises. Other laboratory sources of sound include tuning forks, singing rods, and loudspeakers, both modern and primitive. An acoustic source, borrowed from chemistry, is the hydrogen-filled balloon. When ignited, it produces an impressive explosion. When the hydrogen is mixed with increasing amounts of oxygen up to the stoichiometric limit, the chemical reaction occurs more quickly and the sound levels are increased dramatically. In addition, there are resources that further describe the Doppler shift and the extreme case, the sonic boom.
"Experiments using cell phones in physics classroom
education: The computer-aided g determination," P. With the exception of aeroacoustic sources, sound radiates from structural vibrations. However, because of its complexity, many acoustics textbooks do not treat the connection between the mechanical vibration of a structure and its subsequent radiation. This is a topic with significant physical depth, including the material properties and influence of boundary conditions that cause dispersive flexural wave propagation and result in radiation vs. near-field evanescence. The Rubens flame-tube demonstration is a popular way of introducing audiences to standing waves. Beyond one-dimensional systems, the richness of resonances can be examined in a variety of geometries, from Chladni plates, to wine glasses, to a variety of cavities. Many advanced topics, for example in quantum mechanics, plasma physics, and thermoacoustics, involve resonance phenomena. 
C. Propagation: Traveling waves
One of the fundamental properties of acoustic waves is the determination of the wave speed by the properties of the medium. In air, this includes the adiabatic relationship between pressure and temperature. In water, the presence of salinity, bubbles, and the like, can change the speed of sound.
132. J. H. Giraud, K. L. Gee, and J. E. Ellsworth, "Acoustic temperature measurement in a rocket noise field," J. Acoust. Soc. Am. 127, EL179-EL184 (2010). Students often mistakenly assume that sound propagation is isothermal. This same assumption caused Newton to calculate a sound speed that was significantly lower than measured values. Demonstrates the adiabatic variation of temperature with pressure in a sound field, using a low-frequency, high-amplitude noise source as an example-a full-scale solid rocket motor. The frequency dependence of sound speed in air is not treated in introductory courses. Dispersion exists in free atmospheric propagation, but is significantly greater in the presence of a waveguide.
138. "Dispersion in acoustic waveguides-A teaching laboratory experiment," K. Meykens, B. Van Rompaey, and H. Janssen, Am. J. Phys. 67, 400-406 (1999). The propagation of acoustic waves down a rectangular waveguide provides an opportunity for students in an undergraduate lab class to measure the frequency dependence of the phase and group speed for different acoustic modes and to investigate the resulting distortion in the signal. (I, A)
Demonstrations and examples of acoustic reflections in traveling waves can be particularly enlightening for the student and provide real-world applications, from echolocation to SONAR. As in other areas of physics, image sources are used in acoustics to model a rigid reflector, both in free space and in waveguides. Acoustic scattering demonstrations and examples can provide insight into electromagnetic and quantum-mechanical systems.
148. "A balloon lens: Acoustic scattering from a penetrable sphere," D. C. Thomas, K. L. Gee, and R. S. Turley, Am. J. Phys. 77, 197-203 (2009) . Sound passing through a balloon filled with a gas other than air can be explained, to first-order, using an analogy to geometric optics. However, scattering theory is required to explain the experimental results. The demonstration and discussion presented here can be adapted to students on many levels. (I,A) 149. "A ray model of sound focusing with a balloon lens:
An experiment for high school," C. E. Dean and K. Parker, J. Acoust. Soc. Am. 131, 2459-2462 (2012). Gives a description of the acoustic balloon-lens experiment, as it might be presented to school-age children, along with practical advice on how to provide guidance to minimize unwanted effects during the demonstration. ( A number of other phenomena, including refraction, are present in atmospheric and ocean sound-wave propagation.
154. "Refraction of sound in the atmosphere," T. B.
Gabrielson, Acoust. Today 2(4), 7-17 (2006). Recounts the 250-year-long search for an understanding of the effect of the atmosphere on sound propagation. Mistaken originally for an unpredictable absorption effect, then for flocculence, the bending of the sound waves due to variations in the wave speed, due to wind and temperature gradients, were eventually uncovered. The following five references relate to ocean propagation.
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